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Broadband Access

•The “Last Mile” (or the “First Mile”)

–Fast local connection to network

–Data, voice, video

•Every customer wants it

–Business

–Residential

•Every operator wants it

–Not just RBOCs/NBOCs & cable monopolies



Broadband Access for Big Business

•Fiber is nice

•But

–Only 3-5% of 750,000 commercial buildings in U.S.
have fiber

–Backhoes don’t follow Moore’s Law

•$150-250K per fiber mile to install



Broadband Access for
Small Business/Residential

•Cable Modems

–High infrastructure cost; slow rebuild

–Shared bandwidth

•DSL

–Infrastructure cost

–Limited range

•Satellite

–High up-front capital cost



Broadband Wireless Access (BWA)

–fixed (non-mobile) customer premises units

–base stations either:

• fixed terrestrial

• in orbit (LEO or GEO satellites)

• in stratosphere (airplanes or blimps)

–broadband data into businesses, homes, etc.

• ATM, TCP/IP, digital video, telephony

–potentially inexpensive and economically

competitive with wired broadband

–Millimeter wave bands

–U.S. spectrum auctions in ‘98 and ‘99

–Largest spectrum in private hands

–25 times as large as PCS spectrum cap

–Microwave (centimeter wave) bands

–FCC allowing 2-way use



BWA Capacity

•Hub radius: a few kilometers

•In each 50 MHz, at each hub:

–3 Gbit/s

– e.g. 64 customer sites at 45Mbit/sec each

– up to 5000 sites/hub

–(per WinStar)

•LMDS “A” Block is 23 times larger









MMDS & ITFS



MDS auctionsauctions

(MDS, MMDS, ITFS, Services)

A1 A2 A3 A4 C1 C2 C3 C4 E1 E2 E3 E4 G1 G2 G3 G4

B1 B2 B3 B4 D1 D2 D3 D4 F1 F2 F3 F4 H1 H2 H3

ITFS & MMDSMMDSITFSMDS

 1
2

2500 2524 2548 2572 2596 2620 2644 2668 26902150 2162

MDS (Multipoint Distribution Service)
MMDS (Multichannel Multipoint Distribution Service)
ITFS (Instructional Television Fixed Service)

MDS & MMDS 1 & 2
E, F & H

 2
11

ITFS A, B, C, D & F 20

Service Channel
Allocation

Number of
Channels

Not Included in Auction #6

Congressional Federal Register References
ITFS 47 C.F.R., Part 74
MDS (Single And Multichannel) 47 C.F.R., Part 21

Channel 2A: 2156-2160 MHz

2160-2162 MHZ reallocated to emerging technologies on a 
primary basis except for licenses operating on Channel 2, or 
successful applicants who filed prior to January 16, 1992.  
See ET Docket 92-9 FCC 93-351 Service Channel

Allocation
Number of
Channels



UNII
esp. 5.25-5.35 &
5.725-5.825 GHz



Market Guess from 1998





Major U.S. License Holders

•Millimeter wave (24, 28, 31,38 GHz)

–NextLink

–ART

–WinStar

–Teligent

–Many smaller players

•Microwave (2.5-2.7 GHz) [MMDS, ITFS]

–MCI WorldCom

–Sprint

–Many, many smaller players



WWWWhhhhyyyy    SSSSttttaaaannnnddddaaaarrrrddddssss????WWWWhhhhyyyy    SSSSttttaaaannnnddddaaaarrrrddddssss????
Survey Tuesday (6 March 2000) of about 600Survey Tuesday (6 March 2000) of about 600

people at BW World Forum:people at BW World Forum:

How important are standards toHow important are standards to

the long-term success of thisthe long-term success of this

industry?industry?

Extremely important:Extremely important: 59%59%

Somewhat important:Somewhat important: 30%30%



Business Case for
Broadband Wireless Standards

“Subassembly and chip manufacturers
simply cannot supply the performance ...
at a price which is feasible for significant
penetration into the consumer market
today… LMDS may be closest to achieving
this goal, but its lack of a unified standard
and lack of commitment to significant
volumes will inhibit further price declines.”

- “Millimeter Wave 1998” Allied Business Intelligence



Wireless Standards in the United States

•FCC no longer regulates standards for wireless
communications (spectrum auctions since 1994)

•no coordinated U.S. approach to wireless
standardization

•standardization in newly-auctioned spectrum is slow

•multiple standards continue indefinitely

•equipment costs remain high

•for new services, licensees and vendors may hesitate



NNNN----WWWWEEEESSSSTTTT    iiiissss::::

•a measurement testbed at the Department of
Commerce to help forge industry consensus standards
and specifications

•a pro-active effort to accelerate development of the
broadband wireless industry by encouraging voluntary
standards



NNNN----WWWWEEEESSSSTTTT    PPPPhhhhiiiilllloooossssoooopppphhhhyyyy

Goal: Accelerated Commercialization

of Wireless Systems

equipment cost reduction (esp. at customer end)

mass production

standardization

voluntary standards bodies (IEEE)

unbiased measurement support

 U.S. Dept. of Commerce

Initial Focus: Broadband Wireless Access



88881111    NNNN----WWWWEEEESSSSTTTT    SSSSuuuuppppppppoooorrrrttttiiiinnnngggg    CCCCoooommmmppppaaaannnniiiieeeessss
• Industry Associations

–Cellular Tel. Ind. Assn. (CTIA)
–Wireless Comms Assn. (WCAI)

• License Holders
–Antilles Wireless Cable TV Co.
–Charles Brinkman
–Formus Communications, Inc.
–US WEST Adv. Technologies
–Virginia Tech
–Teligent, Inc.
–WinStar Communications, Inc.
–WNP Communications, Inc.

•  Systems Equipment Providers
–3Com Corporation
–ADC Telecommunications
–Alcatel Network Systems
–Adaptive Broadband, Inc.
–Belstar Systems Corp.
–ComTier, Inc.
–Ensemble Communications
–Ericsson Inc.
–Intraplex
–ioWave, Inc.
–Lucent Technologies
–Motorola Inc.
–NEC America, Inc.
–Netro Corpopration
–Newbridge Networks Corp.
–Nortel Networks
–P–COM

–Philips Broadband Networks

–Raytheon Systems Company

–Run.com Communications Ltd.

–SiCOM, Inc.

–Siemens Microelectronics, Inc.

–Stanford Wireless Broadband Inc.

–TelesciCOM Ltd.

• RF Semiconductors

–Fujitsu Compound Semiconductor

–Harris Semiconductor

–Sanders, A Lockheed Martin Co.

• Consultants/R&D/Measurements/Misc.

–Anritsu Company

–Bellcore

–C&W Systems, Ltd.

–E B Systems Limited

–EDX Engineering, Inc.

–ETRI

–Gerson Lehrman Group

–Hardin & Associates, Inc.

–HRL Laboratories

–Illinois Institute of Technology

–Istari Design, Inc.

–LCC International Inc.

–MLJ, Inc.

–PSW Technologies, Inc.

–Technical Strategy Associates

–WFI

–Wireless Valley Communications, Inc.

–Spike Technologies, Inc.

–WaveCom Electronics Inc.

–WaveSpan Corporation

–Wavtrace

–WinNet MCS

–Wytec Inc.

• Subsystems and Components

–AMP M/A–COM

–Andrew Corp.

–Asvan Technology LLC

–BroadBand Wireless Inc.

–Cable AML Inc.

–CircuitPath Network Systems

–EER Systems

–Endgate Corporation

–ETM Electromatic

–Gigabit Wireless Inc.

–Hewlett-Packard Co.

–IDT Inc.

–Integrity Communications

–ITS Electronics, Inc.

–MentorData Ltd.

–Micro Interconnect, Inc.

–Millitech Corporation

–Mitsubishi Electronics America

–MMCOMM, Inc.

–Phasecom Inc.

–Raychem Corp.



SSSSttttaaaannnnddddaaaarrrrddddiiiizzzzaaaattttiiiioooonnnn    BBBBooooddddyyyy

IEEE
– IEEE Standards Association

• IEEE 802.16

• 802.16 Sponsorship

– IEEE Computer Society

• IEEE 802: LAN/MAN Standards Committee

– IEEE Microwave Theory & Techniques Society



IEEE 802IEEE 802
The The LAN/MAN Standards CommitteeLAN/MAN Standards Committee

Wired:Wired:

–– 802.3 (Ethernet)802.3 (Ethernet)

Wireless:Wireless:

–– 802.11: Wireless LAN802.11: Wireless LAN

••Local Area NetworksLocal Area Networks

–– 802.15: Wireless PAN802.15: Wireless PAN

••Personal Area Networks {Personal Area Networks {incinc. Bluetooth}. Bluetooth}

–– 802.16: 802.16: WirelessMANWirelessMANTMTM

••Metropolitan Area NetworksMetropolitan Area Networks



WWWWhhhhyyyy    IIIIEEEEEEEEEEEE    888800002222????WWWWhhhhyyyy    IIIIEEEEEEEEEEEE    888800002222????
Telecom StandardizationTelecom Standardization

––NationalNational

––PoliticalPolitical

Datacom StandardizationDatacom Standardization

––GlobalGlobal

––OpenOpen

––Industry-DrivenIndustry-Driven

––802 and IETF set the standards802 and IETF set the standards



WWWWhhhhoooo    aaaarrrreeee    tttthhhheeee    MMMMeeeemmmmbbbbeeeerrrrssss????

• Telecom Standardization Bodies

– Governmental Representatives

– Companies

• IEEE

–engineers



888800002222’’’’ssss    SSSSuuuucccccccceeeessssssss

802.3: Ethernet (10/100/1000BaseT)

• 4Q98 sales

– $2.3 billion of Ethernet switching

• excludes routers and nodes

• supports 30 million connections

– 13.5 million 100BaseT Nodes (NICs, etc.)

• reference: Dell'Oro Group



Process
• Task Groups

• Call for Contributions

– Specific topics for discussion at next meeting

• Receive and post written contributions

• Discuss and debate at meeting

• Create draft by 75% vote

• Finalized through open “Sponsor Ballot”



NNNN----WWWWEEEESSSSTTTT////888800002222....11116666    HHHHiiiissssttttoooorrrryyyy    iiiinnnn    BBBBrrrriiiieeeeffff

PPPPaaaarrrrtttt    1111
•April 3, 1998

– N–WEST Web Site went on–line (http://nwest.nist.gov)

•July 24, 1998

– Strategy Session (10 people)

•August 9-10, 1998

– Kickoff Meeting (45 people)

•August 9-12, 1998

– 1998 IEEE Radio and Wireless Conference (RAWCON’98)
attended by 300 people

•November 9-10, 1998

– Second meeting, at IEEE 802 Plenary (41 people)

– 802 approved the

888800002222    EEEExxxxeeeeccccuuuuttttiiiivvvveeee    CCCCoooommmmmmmmiiiitttttttteeeeeeee    SSSSttttuuuuddddyyyy    GGGGrrrroooouuuupppp    oooonnnn    BBBBWWWWAAAA







NNNN----WWWWEEEESSSSTTTT////888800002222....11116666    HHHHiiiissssttttoooorrrryyyy    iiiinnnn    BBBBrrrriiiieeeeffff

PPPPaaaarrrrtttt    2222
•January 13-15, 1999

–First Study Group meeting (66 people)

–Joint with IEEE 802.11 and ETSI BRAN

–Wrote project plan (PAR): interoperable air interface

–March 9-11, 1999

–Met with 802 Plenary (54 people)

–Working Group 802.16 created

–Finalized air interface PAR (802.16.1)

–May 10-12, 1999

–802.16 Session #0 (55 people)



888800002222....11116666    SSSSeeeessssssssiiiioooonnnn    HHHHiiiissssttttoooorrrryyyy888800002222....11116666    SSSSeeeessssssssiiiioooonnnn    HHHHiiiissssttttoooorrrryyyy
IEEE 802.16 Sessions (1 week each):IEEE 802.16 Sessions (1 week each):

#1: July 1999: 106 people became members#1: July 1999: 106 people became members

–Finalized coexistence PAR (802.16.2)

#2: August 1999: Functional Requirements#2: August 1999: Functional Requirements

#3: September 1999: Developed Schedule/Process#3: September 1999: Developed Schedule/Process

#4: November 1999#4: November 1999

–heard 802.16.1 Proposals (19 PHY, 15 MAC)–heard 802.16.1 Proposals (19 PHY, 15 MAC)

–Created Sub10 Study Group (<10 –Created Sub10 Study Group (<10 GHzGHz))

#5: January 2000 (118 people)#5: January 2000 (118 people)

––heard 2 Converged 802.16.1 Proposalsheard 2 Converged 802.16.1 Proposals

––Developed Sub10 planDeveloped Sub10 plan



888800002222....11116666    SSSSeeeessssssssiiiioooonnnn    HHHHiiiissssttttoooorrrryyyy    ((((SSSSeeeessssssssiiiioooonnnn    HHHHiiiissssttttoooorrrryyyy    ((((ccccoooonnnnttttccccoooonnnntttt.... )))).... ))))
#6: Mar. 6-9, 2000, Albuquerque (126 people)

•Two 802.16.1 proposals refined

•802.16.3 group established

••Wireless High-Speed Unlicensed MAN Wireless High-Speed Unlicensed MAN 

((WirelessHUMANTM)

#7: May 1-5, 2000, DC (158 people)

•Selected 802.16.1 PHY proposal

•Plan for merged 802.16.1 MAC proposal

•First 802.16.3 meeting (requirements)

•First WirelessHUMANTM meeting

•agreement with ETSI BRAN



888800002222....11116666    MMMMeeeeeeeettttiiiinnnngggg    SSSScccchhhheeeedddduuuulllleeee
#7.5: May 30-June 2, 2000, Boulder, CO

•Detailed Outline of 802.16.1 MAC proposal

•PHY and MAC Modeling

#8: July 10-13, 2000, La Jolla

•802.16.1 moves to letter ballot stage

#9: September 11-15, 2000, Denver

•Revisions of 802.16.1 draft

#10: November 6-10, 2000, Tampa

•802.16.1 draft completed

•802.16.2 draft completed



888800002222....11116666    LLLLeeeeaaaaddddeeeerrrrssss888800002222....11116666    LLLLeeeeaaaaddddeeeerrrrssss
••Chair: Roger Marks, NISTChair: Roger Marks, NIST

••Vice Chair: Lou Olsen, Vice Chair: Lou Olsen, TeligentTeligent

••Secretary: Scott Secretary: Scott MarinMarin, , SpectrapointSpectrapoint

••Functional RequirementsFunctional Requirements

••George George Fishel Fishel (consultant)(consultant)

••Brian Brian PetryPetry, 3Com, 3Com



888800002222....11116666    PPPPrrrroooojjjjeeeeccccttttssss888800002222....11116666    PPPPrrrroooojjjjeeeeccccttttssss
802.16802.16.1.1: Air Interface, 10-66 GHz: Air Interface, 10-66 GHz

••PHY Chair: Jay Klein, EnsemblePHY Chair: Jay Klein, Ensemble

••PHY Editor: Jeff PHY Editor: Jeff FoersterFoerster, , NewbridgeNewbridge

••MAC Chair: Carl MAC Chair: Carl EklundEklund, , NokiaNokia

802.16802.16.2.2: Coexistence: Coexistence

••LelandLeland Langston Langston, , Crosspan Crosspan (Chair)(Chair)

802.16802.16.3.3: Air Interface, 2-11: Air Interface, 2-11 GHz GHz (licensed) (licensed)

••BrianBrian Kiernan Kiernan, , InterdigitalInterdigital (Chair) (Chair)

––CarlCarl Bushue Bushue, Sprint (Vice Chair), Sprint (Vice Chair)

Wireless High-Speed Unlicensed MAN (study)Wireless High-Speed Unlicensed MAN (study)

––WirelessHUMANWirelessHUMANTMTM

––DurgaDurga P. P. Satapathy Satapathy, Sprint (Chair), Sprint (Chair)



CCCCuuuurrrrrrrreeeennnntttt    888800002222....11116666....1111    PPPPrrrrooooppppoooossssaaaallllCCCCuuuurrrrrrrreeeennnntttt    888800002222....11116666....1111    PPPPrrrrooooppppoooossssaaaallll
Backed by 35 participants from:Backed by 35 participants from:

3Com
Adaptive Broadband Inc.
BreezeCOM
CircuitPath Network Systems
Communications Consulting

Services
Crosspan (A Raytheon Co.)
Digital Microwave

Corporation
Ensemble Communications
Ericsson
iSKY

Lucent
Motorola
Newbridge
Nokia
Nortel
Oren Semiconductor Ltd.
SiCOM, Inc.
Siemens
Spacebridge Networks Corp.
SpectraPoint
TelesciCOM Ltd.
Vyyo



802.16 Press Coverage
• Telecommunications magazine (May 2000)

chose "The 10 Hottest Technologies”

• Time Division Duplexing

• LMDS: “less-than-widespread deployment”

• “Air interface standards, currently being
worked on in the IEEE's 802.16 committee to

deal with issues such as interference and
interoperability, could help change that,
propelling broadband wireless to a $7.4 billion
market for services by 2003, according to the

Strategis Group.”



RRRReeeessssoooouuuurrrrcccceeeessssRRRReeeessssoooouuuurrrrcccceeeessss
WWWWeeeebbbb    SSSSiiiitttteeeeWWWWeeeebbbb    SSSSiiiitttteeee

hhhhttttttttpppp:::: //// ////hhhhttttttttpppp:::: //// ////wwwwiiiirrrreeeelllleeeessssssssmmmmaaaannnnwwwwiiiirrrreeeelllleeeessssssssmmmmaaaannnn....oooorrrrgggg....oooorrrrgggg
((((hhhhttttttttpppp:::: //// ////iiiieeeeeeeeeeee888800002222....oooorrrrgggg////11116666))))((((hhhhttttttttpppp:::: //// ////iiiieeeeeeeeeeee888800002222....oooorrrrgggg////11116666))))

222233330000,,,,000000000000    ddddoooowwwwnnnnllllooooaaaaddddssss    iiiinnnn    MMMMaaaayyyy    2222000000000000222233330000,,,,000000000000    ddddoooowwwwnnnnllllooooaaaaddddssss    iiiinnnn    MMMMaaaayyyy    2222000000000000

email reflectoremail reflector
 ~400 subscribers ~400 subscribers

archivedarchived

N-WEST NewsN-WEST News
http://http://nwestnwest..nistnist..govgov

  ~850 subscribers~850 subscribers



HHHHoooowwww    ttttoooo    PPPPaaaarrrrttttiiiicccciiiippppaaaatttteeeeHHHHoooowwww    ttttoooo    PPPPaaaarrrrttttiiiicccciiiippppaaaatttteeee
––AAAAtttttttteeeennnndddd    mmmmeeeeeeeettttiiiinnnnggggssssAAAAtttttttteeeennnndddd    mmmmeeeeeeeettttiiiinnnnggggssss

––RRRReeeeaaaadddd    rrrreeeefffflllleeeeccccttttoooorrrrRRRReeeeaaaadddd    rrrreeeefffflllleeeeccccttttoooorrrr

––RRRReeeeaaaadddd    ddddooooccccuuuummmmeeeennnnttttssssRRRReeeeaaaadddd    ddddooooccccuuuummmmeeeennnnttttssss

––SSSSuuuubbbbmmmmiiiitttt    ddddooooccccuuuummmmeeeennnnttttssss    &&&&    ccccoooommmmmmmmeeeennnnttttssssSSSSuuuubbbbmmmmiiiitttt    ddddooooccccuuuummmmeeeennnnttttssss    &&&&    ccccoooommmmmmmmeeeennnnttttssss

––JJJJooooiiiinnnn    ssssppppoooonnnnssssoooorrrr    bbbbaaaallllllllooootttt    ppppoooooooollllJJJJooooiiiinnnn    ssssppppoooonnnnssssoooorrrr    bbbbaaaallllllllooootttt    ppppoooooooollll



Sponsor Ballot
• Any member of IEEE Standards Association

may vote on draft standards

– IEEE-SA costs $10 on top of IEEE membership

• Great opportunity

– Influence important results

– Free access to valuable documents

• For IEEE 802.16, sign up at

hhhhttttttttpppp:::://// ////hhhhttttttttpppp:::://// ////wwwwiiiirrrreeeelllleeeessssssssmmmmaaaannnnwwwwiiiirrrreeeelllleeeessssssssmmmmaaaannnn....oooorrrrgggg....oooorrrrgggg


